In Drosophila melanogaster antennal irregularities such as supernumerary and deficiency are sometimes observed in experimental specimens. Some of these irregularities have been shown to be transmissible (Patterson and Muller 1930; Mohr 1935; Gottschewski and Ma 1937; Valarades 1937; Goldschmidt 1940; Glass 1944; Vogt 1947; Newby 1949; Gardner and Woolf 1949, 1950; Zimm 1951; Hillman 1961 Hillman , 1962. But only a few mutants or genes have been identified in Drosophila which are responsible for the inheritance of the irregularities.
grees, individuals with antennal irreguralities are often segregated.
It is with these flies that the present study has been conducted. In this study several kinds of mating were carried out to investigate the mode of inheritance and to compare rates of the occurrence of antennal irregularities.
Flies were cultured with the medium of 1.5% brewer's yeast, 17% molasses and 2% agar. These flies were kept in an incubator at a temperature of 25°C.
Experimental Results

I . Types o f the antennal irregularities
Irregularities of the antennae observed in the present investigation are of two types: deficiency and supernumerary of a part or the whole part of the antennal organ. In both cases the degree of the irregularity varied to a great extent. An examination of a large number of individuals disclosed that the irregularity shows a continuous variation from the slightest to the highest degree.
Twinning of the aristae on either side of the antennae is the slightest degree of the supernumerary. This is followed by the bifurcation of the distal or whole part of the third segment of antenna ( Fig. 1 . B, C.). Supernumerary of such degrees is observed more frequently on both sides than on one side of the antennae ( Fig. 1 . C, D.). Supernumerary of more advanced degrees is to divide an antenna into two.
The result is to produce 3 or 4 antennae according to whether the division of antenna takes place on one side or both. Most of these extra antennae are perfect in structure (ref. Fig. 1 . E, F.), though some of them are deficient in the distal parts. Formation of 4 antennae represents the highest degree of supernumerary encountered in the present experiment, though their occurrence is very rare. Lack of arista and diminution of the distal part of the third segment of antenna are the slightest degree of antennal deficiency observed in this experiment. Such a deficiency was of a very frequent occurrence, and in most cases the deficiency was found only on one side of antennae, the other side being normal (Fig. 1. G.) . In flies with a more advanced degree of deficiency, the third segment is entirely missing, and the second segment becomes irregular, as shown in Fig. 1 . H. The highest degree of deficiency encountered is the lack of the third and second segments of antennae on both sides. in these cases the basal segment remains as a small nodule (Fig. 1. I.) .
As was described above, the duplication of an antenna into two sets and the nearly complete disappearance of it are the most pronounced irregularities encountered in the present investigation. All the other irregularities are included within the range of these two extremes, showing a continuous variation from one extreme to the other. In the following, therefore, these irregularities are considered as a whole, no particular distinction being made between supernumerary and deficiency of the antennal structure. II. Occurrence o f the antennal irregularities Irregularities of the antenna are of a rare occurrence in Drosophila. Except in special strains, no cases are observed in practice.
In fact, among 5502 specimens of wild-type flies examined in this experiment (ref. Table 1 ), no irregularity of the antenna was found. Among these flies, however, there were a few specimens which manifested a slight degree of deficiency of the compound eye. Using these flies, we have made a genetic experiment, leading to the result that this eye-deficiency is a hereditary character showing a peculiar mode of inheritance.
These eyes are then named as erosion eyes (ref. Takaya, Kaji and Inouye, 1960) . It is peculiar that these erosion eyes, when inbred by themselves, are not only reproduced, but also show a considerable increase in the degree of deficiency. By means of repeated inbreeding, it is possible to increase the degree of erosion up to the complete obliteration of the whole compound eyes. It is in these inbred lines that a frequent occurrence of the antennal irregularity was met with. As is shown in Table 1 , which summarizes the This result clearly indicates that the antennal irregularity takes place in close connection with the deficiency of compound eye. To make further inquiry into this point, several kinds of inbreeding were carried out with flies of varied degrees of the eye-deficiency.
The results obtained are shown in Table 2 , which again indicates that the antennal irregularity is formed in close connection with erosion eye. In no cases irregular antennae were found to be produced together with normal eyes.
Further, it was found that the antennal irregularity showed a considerable variation correlating with the degree of erosion eye.
The highest frequency of antennal irregularity was observed in the inbred lines in which the flies showed an intermediate degree of eye deficiency. The compound eyes of these flies were nearly a half of the normal in size, being composed of ca. 300 facets. In this case the maximum frequency of antennal irregularity was higher than 20% and the minimum frequency was 4.7%, the average being 9.8%. In other inbred lines the average frequencies were always lower than this. The lowest frequency was obtained in the inbred lines where the flies had the highest or the lowest degree of eye-deficiency. In these cases the frequency was as low as 1.0%, as shown in Table 2 .
It is seen from Table 2 that erosion fly can occur even from the mating of wild type flies. Since, however, these wild type flies were chosen from the offspring of erosion flies, it may be natural to assume that they were endowed with latent potency to produce the eye-deficiency in the progeny, though their eyes appeared normal externally. The above mentioned results apparently indicate that the antennal irregularity is brought about always in accompany with the deficiency of compound eyes. In other words, it may be assumed that the deficiency of compound eyes is a prerequisite for the antenna to become irregular.
The eye and antennal irregularities generally showed a parallel change in such a way that the antennal irregularity of a higher degree is produced always in accompany with a higher degree of the eye-deficiency, while a lesser degree of the antennal irregularity is followed by a lesser degree of the eye-deficiency.
III. Inheritance o f antennal irregularity As was described above, the antennal irregularity frequently occurred when the eye-deficient flies were inbred by themselves. This fact may suggest that the antennal irregularity under consideration, is a hereditary character which can be transmitted in later generations. Inbreeding and crossing experiment were, therefore, carried out to investigate whether this character is really inherited or not. In these experiments two different types of irregularity, i. e. supernumerary and dificiency, were distinguished. Needless to say, flies with irregular antennae always showed the eye-deficiency of a considerable degree. Flies with normal antennae but with deficient eyes of middle degree were also used. The results obtained are summerized in In addition to this, the inbreeding of flies with normal antennae but with the eye-deficiency of middle degrees was also conducted. The results obtained are similar to those of the preceding experiment (Table 4) . As is seen from Table 4 In the transmission of antennal irregularity, the same type of irregularity is generally reproduced. However, there are a few exceptional cases in which different types are produced (cf. Table 3 and 4).
In the progeny of flies with normal antennae, both supernumerary and deficient antennae can be produced, but the former is far more frequent than the latter. It is a general rule that the irregularity of a higher degree is manifested on both sides of the antennae, while that of a lower degree is likely to appear on one side.
Discussion
The above results of our experiments clearly demonstrate the inheritability of antennal irregularities. This is true for both types of irregularity, supernumerary and deficiency. These two types show the same sort of hereditary behavior. This fact seems peculiar if we remember that the antennal mutants so far recorded on Drosophila melanogaster all belong to the deficiency type, such as anarista (Bridges, 1925) , aristaless (Stern, 1926; Bridges, 1933; Glass, 1939), and antennaless (cordon, 1936) . No mutant gene seems to have been recorded in literature which is responsible for the inheritance of supernumerary antennae.
On the other hand, it has been shown by several authors that the antennal supernumerary is of a frequent occurrence in the mutants of Drosophila, which are known for their expression in organs other than antennae.
Thus, Vogt (1947) and Zimm (1951) found that the Deformed head or Lobe" eye is inherited frequently together with antennal supernumerary. The notch wing was also shown by Hillman (1961) to be accompanied by irregular antennae. These facts strongly suggest that in the hereditary transmission the supernumerary antennae cannot behave solitarily but always linked together with the irregularity of other organs. Presumably, this is the main reason why no major gene has been identified to this character.
In our experiments supernumerary antennae were found to be inherited always in accompany with the deficiency of compound eyes. In the absence of the eye-deficiency there was no case in which antennal irregularities were produced.
Further, it was shown that the flies with eye-deficiency, even if they possessed normal antennae, can produce offspring with supernumerary antennae with the nearly same rate as that of the flies with these antennae. From these facts we are led to assume that the antennal supernumerary is a hereditary character, transmission of which is linked together with the deficiency of compound eyes. Antennal deficiency has been shown to have the same hereditary behavior as the supernumerary.
In our experiments no case was found in which antennal deficiency was inherited without being accompanied by eye-deficiency. Although several authors have assumed that the antennal deficiency may be due to a single gene, the simultaneous occurrence of the abnormality in other organ or organs has also been mentioned.
Especially, abnormalities of wings are commonly found in the mutants of anarista and aristaless described by Bridges (1923 Bridges ( , 1925 Bridges ( , 1933 . Therefore, further inquiry will be necessary to elucidate whether the deficient antenna is formed solitarily or not.
In our experiments, it is the compound eyes that show intimate linkage with the antennal supernumerary. The same has been found by Patterson and Muller (1930) , Gottschewski and Ma (1937), and Zimm (1951) . On the other hand, Hillman (1961) and others have shown that the wing bears close connection with the antennal supernumerary.
This discrepancy may be due to the difference of the strains employed, since it may be assumed that different strains are endowed with different genetic background.
Between the antennae and compound eyes, not only the genetic relation but also the developmental one can be conceived. Because these two organs develop from the 
